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RESEARCH MEMORANDUM 


A WIND-TUNNEL INVESTIGATION AT HIGH SUBSONIC SPEEDS OF 
THE LATERAL CONTROL CHARACTERISTICS OF VARIOUS PLAIN 
SPOILER CONFIGURATIONS ON A 3-PERCENT-THICK 
60° DELTA WING 


By Harleth G. Wiley 
SUMMARY 


An investigation was made in the Langley high-speed T- by 10-Ғоо% 
tunnel to determine the lateral control characteristics at high subsonic 
speeds of various plain spoiler configurations on a thin 60° delta wing. 
Investigated were the effects of spoiler projection, span, and spanwise 
and chordwise location. The delta wing had an NACA 654005 airfoil 
parallel to free stream, a leading-edge sweep of 60°, and an ‘aspect 
ratio, based on the theoretical tip span, of 2.31. Tests were made at 
09 angle of sideslip through an angle-of-attack range of -20 to about 
2409 and over a Mach number range of 0.60 to 0.94. Spoiler deflections 
investigated were -1.0 to -9.5 percent mean aerodynamic chord. 


Analysis of rolling-moment results indicated that favorable rolling 
moments can be obtained up to an angle of attack of 24° for а plain 
spoiler extending from the fuselage to 67 percent local-wing semispan 
and located at or behind the 85-percent wing-root-chord station. For 
spoilers located in a region of favorable spoiler effectiveness, the 
rolling moment produced increased with rearward movement of chordwise 
position, increase of spoiler span, and increase of projection.  Partial- 
span spoilers, when located outboard on the wing, provided greater incre- 
mental rolling moment at low angles of attack than when located at 
inboard or midspan positions, but, at the higher angles of attack, the 
reverse was true. The variation of rolling moment with Mach number was 
minor but was somewhat dependent upon chordwise Location of the spoiler. 


INTRODUCTION 


The present investigation is a continuation of a program conducted 
by the National Advisory Committee for Aeronautics to determine the 
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applicability of spoilers as lateral-control devices on thin delta wings 
(refs. 1 and 2). The present investigation was made in the Langley high- 
speed 7- by lO-foot tunnel to determine the lateral control character- 
istics at high subsonic speeds of various plain spoiler configurations 

on & thin 609 delta wing with rounded tips. The investigation covered 
the effects of spoiler projection, span, and of various spoiler wing- 
span and wing-chord locations. Spoiler projections tested varied from 
-1.0 to -9.5 percent wing mean aerodynamic chord. Tests were made at 

O9 angle of sideslip through a nominal angle-of-attack range of -29 to 
240 and отег а Mach number range of 0.60 to 0.94. 


COEFFICIENTS AND SYMBOLS 


The results of the tests are presented as standard NACA coefficients 
of forces and moments about the stability axes as presented in figure 1. 
All coefficients and constants are based on the consideration that the 
wing extends to the theoretical tip (fig. 2). Coefficients and symbols | 
used herein are defined as follows: mE 


Cr, lift coefficient, Lift/qs | н HE 

Cp drag coefficient,  Drag/q9 Я 

Ст pitching-moment coefficient about 0.255, Pitching ЕЕРЕЕ: ва 
C? rolling-moment coefficient, Rolling moment/qSb 

Cn yawing-moment coefficient,  Yawing moment /qSb 

Сү lateral-force coefficient, Lateral force/qS — 
ACy, incremental lift coefficient (бр of wing with spoiler less 


Cr, of wing alone) 


АСТ) incremental drag coefficient (Cp of wing with spoiler less 
Cp of wing alone) 


ACn incremental pitching-moment coefficient (Ср of wing with 
spoiler less Cy of wing alone) 


AC incremental. rolling-moment coefficient (C, of wing with 
spoiler less С) of wing alone) 
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ACh 


ACy 


incremental yawing-moment coefficient (C, of wing with 
spoiler less Cy of wing alone) 


incremental lateral-force coefficient (Cy of wing with 
spoiler less Cy of wing alone) 


wing area, sq ft 
wing span, ft 

local wing span, ft 
local wing chord, ft 


wing-root chord, 1.974 ft 


mean aerodynamic chord of wing, 


р/2 
4 седу, ft 
О 


spanwise distance normal to plane of symmetry, ft 


ta |го 


distance from plane of symmetry to inboard end of spoiler, ft 
distance from plane of symmetry to outboard end of spoiler, ft 


spoiler span, Yo - Yis ft 


chordwise Location of spoiler on wing measured from wing 
leading edge along root chord, ft 


mass density of air, slugs/cu ft 
free-stream velocity, ft/sec 


y2 
free-stream dynamic pressure, o> 1b/sq ft 


Mach number 
Reynolds number of wing based on C 
angle of attack of wing, deg 


spoiler projection, negative when projected above upper 
surface of wing, percent C | 
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MODEL AND APPARATUS 


The basic wing-fuselage combination used in this investigation is 
the same as that used in reference 5. Dimensional characteristics of the 
wing and fuselage are given in figure 2. The wing had a leading-edge 
sweep of 60°, an aspect ratio, based on the wing span extending to the 
theoretical tip, of 2.31, an NACA 65A003 airfoil section parallel to 
free stream, and was built of aluminum alloy. For practical considera- 
tions the wing tips were rounded as shown in figure 2. 


Dimensions and locations of spoilers tested are presented in fig- 
ure 5. Spoilers 1 to 4 were of constant local span extending from the 
fuselage side to 0.67b7/2 with various chordwise locations (0.602, 


0.85с,, 0.95с., and 1.00c,). Spoilers 5 to 8 had a constant wing-chord 
location of 0.85с;. Spoiler 5 extended from the fuselage to 0.33b, /2; 


spoilers 6 and 7 extended from 0.33b, /2 to 0.67; /2 and from 0.670; fe 
to 1.00b;/2, respectively; and spoiler 8 extended from the fuselage 
to 1.00b;/2. All spoilers were made of 1/8-inch-thick aluminum angle 


and were attached to the upper surface of the left wing with screws. 
(See fig. 3.) 


The model was tested on the sting support of the Langley high-speed 
T- by 10-Ғоо% tunnel and was mounted on а, six-component electrical | 
strain-gage balance housed within the fuselage. Aerodynamic forces and 
moments were measured on calibrated recording potentiometers. 


TESTS AND CORRECTIONS 


The tests were made in the Langley high-speed 7- by 10-foot tunnel 
over a Mach number range of 0.60 to 0.94 at o9 angle of sideslip and 
over a nominal angle-of-attack range of -29 to 247, Spoilers 1, 2, and 
4 were tested at deflections varying from -0.0102 to -0.095c and 
spoiler № was tested at deflections of -0.010с to -0.0506. Spoilers 5 
to 8 were tested at a constant deflection of -0.0506. Average Reynolds 
number for the tests (based. on the mean aerodynamic chord of the wing) 


varied with Mach number from about 4.5 x 10° %о Ба 106 (fig. 4). 


Tunnel-blocking corrections, based on the velocity-ratio method of 
reference 4, were applied to the data. Jet-boundary corrections, which 
were applied to the angle of attack and drag, were determined from | 
reference 5. Drag data are presented with no base pressure adjustments 
applied to account for the differences in pressure at the base of the - 
model and that of static free stream. 
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The angles of attack were corrected for deflection of the sting- 
support system under load. No corrections were applied to the data of 
the present paper to account for aeroelastic deflection of the model 
Wings under load. -- 


RESULTS AND DISCUSSION 


А11 aerodynamic coefficients of this paper are based on the assump- 
tion that the wing span extends to the theoretical tip. 


The serodynamic characteristics of the plain 609 delta wing are 
presented in figure 5 and table I. (The wing-fuselage model is the same 
as that tested and presented in reference 3.) The variations of incre- 
mental rolling-moment coefficient AC, with angle of attack at various 
Mach numbers and spoiler deflections are presented in figures 6 to 10 
for all spoilers tested. А11 other incremental aerodynamic character- 
istics, АСт, Абр, ACn: АС,, and Абу, as well as АС, are presented 
in tables II to IX. The discussion of the present paper will be confined 
to the rolling-moment characteristics of the various spoiler configura- 
tions as installed on the wing. (For these tests, with the spoilers 
installed on the left wing, negative values of АС) are favorable in 


that the negative sign indicates rolling moment in the desired direction.) 


Effects of Angle of Attack 


For ali spoiler configurations at all projections and Mach numbers 
investigated, incremental rolling-moment coefficient АС) increased 
negatively or remained generally constant with increase in angle of 
attack a up to angles of attack of at least B and generally decreased 
(increased positively) at the higher angles of attack (figs. 6 to 10). 

At an angle of attack of about 12°, an abrupt "break" in the curve of 
the variation of AC, with a occurred for several spoiler configura- 


tions at various Mach numbers. The break is similar to a nonlinearity 
obtained with this type spoiler on а swept wing and is attributed to 
wing-leading-edge flow separation as shown in reference 6. 


Effects of Spoiler Chordwise Location 


Representative variations of AC; with chordwise location at var- 
ious deflections for spoilers extending from the fuselage to 0.676 /2 


are presented in figure 11 for a = 09 and 8517, and Mach numbers of 0.60 


ы, 22222-77 
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and 0.90. For spoiler chordwise locations and deflections which pro- 
duce favorable rolling moments at а = 0° (figs. 6 to 9), the negative 
value of АС) increased linearly with rearward movement of spoiler 

positions at М = 0.60 and 0.90. (А5 a = 09, the linear portion of the 
curves was extrapolated to the line of no-foll effectiveness (AC; = 0) 


to indicate the maximum forward spoiler Location which probably will 
produce roll at each projection.) As indicated by the intersection of 
the extrapolated curves (dashed line), with the line of no-roll effec- 
tiveness at M - 0.60 (fig. 11), a spoiler extending from the fuselage 
to 0.67b;/2 will provide favorable roll at projections of -0.0106 and 


-0.0956 if located rearward of 0.88c, and 0.66с., respectively. At 

M = 0.90, it is apparent that favorable roll may be obtained for a 
specific deflection at spoiler locations somewhat more forward than for 
М = 0.60. (The relation between control deflection and chordwise loca- 
tion in the determination of regions of favorable control effectiveness 
is also shown in reference 7 for split flaps on a 48° delta wing.) 


2 


Effects of Spoiler Span and Spanwise Location 


Presented in figure 12 is the variation at о = 09 of AC; with 


spoiler span for -0.050¢ projection spoilers located at 0.85c,, and 
extending from the fuselage to 0.33b7/2, 0.675 1/2, and 1.00b;/e 
(spoilers 5, 2, and 8, respectively). At М = 0.60 and M = 0.90, the 
negative increase of AC, with increase in spoiler span was generally 


linear (fig. 12). 


Та order to determine the individual contributions to АС) of var- 
jous span segments of a complete span spoiler of -0,050¢ projection, 
spoiler 8 was segmented and tested as spoilers 5, 6, and 7, with spans 
of 0.15Ъ1/2, 0.55Ъ1/2, and О.55Ъ1/2, respectively (fig. 10). The partial- 
span spoiler segment, when located in the outboard position on the wing, 
(spoiler 7), provided somewhat more linear variations of AC, with a 
at low Mach numbers than when located at the midspan and inboard posi-. 
tions (spoilers 5 and 6, respectively). The outboard segment (spoiler 7) 
provided greater negative values of AC; at low angles of attack than 
did the inboard and midpoint segments (spoilers 5 and 6), but for the 
higher angle-of-attack ranges the reverse was true. This trend is the 
same as that obtained at low speeds in reference 1. The incremental 
contributions at а = 0° of AC, for spoilers 5, 6, and 7 were added 


to simulate the characteristics of spoilers 2 and 8, respectively, and 

the results are plotted with flagged symbols on figure 12. At M = 0.60, 

the added incremental contributions of spoilers 5, 6, and 7 were slightly 

less than the values of АС) exhibited for complete spoilers 2 and 8, 3 __. 
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a condition opposite to that shown in reference 1. At M = 0.90, the 
total contributions of the spoiler segments were greater than the values 
of АС) for the complete spoilers (fig. 12). 


Effects of Spoiler Projection 


The data of figures 6 to 9 have been cross-plotted in figure 15 to 
show the effects of spoiler projection on АС) at a = 09 and 8.19 and 
M = 0.60 and 0.90 for a spoiler extending from the fuselage to 0.6701 /? 
at wing-chord locations of 0.60cr, 0.852», 0.95су, and 1.00c,, respec- ` 
tively. Favorable rolling-moment coefficients were produced throughout 
the spoiler-deflection range at а = 00 at M = 0.60 and 0.90 only for 
spoilers located at 0.93c, and 1.00c, (spoilers 5 and №). Рог a spoiler 
location of 0.85c,, (spoiler 2), favorable values of AC, were obtained 
at М = 0.60 only for projections above about -0.0102. Spoiler 1, 
located at O.60c,., produced generally unfavorable values of AC, through- 
out the deflection range at а = 09 at both Mach numbers (fig. 13). 
(The unfavorable values of AC; at chordwise locations of 0.60c, prob- 
ably result from the reattachment of flow rearward of the spoiler as 
indicated in reference 8. Unpublished data show that incorporation of 
& Slot behind the spoiler aids in preventing flow reattachment, thereby 
improving the rolling characteristics of spoilers at such locations.) 

At an angle of attack of 8.1° and Mach numbers of 0.60 and 0.90, favor- 
able roiling moments were produced throughout the deflection range at 
all wing-chord locations. (The increase in favorable effectiveness with 
increase in angle of attack for spoilers located in forward positions is 
also shown in reference 1.) 


in the range of favorable rolling effectiveness at a = 09 and 8.19 
and Mach numbers of 0.60 and 0.90, the value of AC, increased nega- 


tively with spoiler projection. At the higher deflections there was a 
general decrease in the variation of АС) with spoiler projection, 


figure 13. 


Effects of Mach Number 


Тһе variation of АС) with Mach number for spoilers extending from 
the fuselage to 0.676; /2 and with wing-chord locations of 0.85e., 0.95c,, 
and 1.002, is presented in figure 14 at a deflection of -0.050¢ for 
a = 0° and 8.17. АБ а = 0°, the variation of AC, with Mach number 


varied from a slight linear negative increase throughout the Mach number 
range for a spoiler located at 0.85cy to a linear decrease of ЛС) with 


Mach number for a spoiler located at 1.00c,. The maximum variation of 
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АС) with Mach number was about 20 percent. (Similar trends were 
obtained for spoilers located on the swept wing of reference 9.) At 
a = 8.1° » values ОҒ АС) remained generally constant throughout the 
Mach number range for a spoiler Located at 0.95с and decreased nega- 
tively for spoilers located at 0.85су and 1.00cy. 


SUMMARY OF RESULTS 


From an investigation to determine the lateral control character- 
istics of various spoilers on a thin 60° delta wing with rounded tips 
at high subsonic speeds, the following conclusions may be made: 


1. Favorable rolling moments were obtained for a spoller extending 
fron the fuselage to 67-percent local-wing semispan and located at or 
behind the 85-percent wing-root-chord station and rolling effectiveness. 
was linearly increased as the spoiler position was moved progressively 
rearward. 


2. А5 Mach numbers of 0.60 and 0.90, for a spoiler Located at 
85 percent root chord and deflected -5.0 percent mean aerodynamic chord, 
rolling effectiveness increased linearly with outward increase of 
spoiler span. 


5. Partial-span spoiler segments of -5.О percent projection and 
O5-percent chordwise location, when located outboard on the wing, pro- 
vided greater values of incremental rolling-moment coefficient at low 
angles of attack than when located in the midspan and inboard positions. 
At the higher angles of attack the reverse was true. 


4. For spoilers located at positions which provided favorable 
rolling-moment coefficients throughout the angle-of-attack range, 
rolling-moment coefficient increased with increase in projection. 


5. АБ angles of attack between 8° and 12°, an abrupt nonlinear 


variation of incremental rolling-moment coefficient with angle of attack 
generally occurred for most spoiler configurations. 


„А 
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6. The variation of incremental rolling-moment coefficient with 
Mach number was dependent upon spoiler chordwise Location and the 
maximum variation was about 20 percent. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., March 17, 1954. 
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Figure 1.- System of stability axes used. (Positive values of forces, 
moments, and angles are indicated by arrows.) 
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Wing Geometry 
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Figure 2.- General arrangement of thin 60° delta wing-fuselage model. 
(А11 dimensions in inches unless otherwise noted.) 
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Figure 5.- Details of various spoiler configurations tested on thin 
60° delta wing. (А11 dimensions in inches unless otherwise noted.) 
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Figure 4.~ The variation of test Reynolds number with Mach number. 


(Variations of tunnel temperature account for variation of R 
at constant M.) 
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Figure 5.- The aerdédynamic characteristics of the plain 60? delta wing. 
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Figure 6.- Variation of incremental rolling-moment coefficient with angle of 
D 
attack for spoiler 1 at various projections. с. = 0.60c,.; У4 = 0.505; 
Jo = 0.6722 
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Figure.T.- Variation of incremental rolling-moment coefficient with angle of 


attack for spoiler 2 at various projections. = 0. 85е; у yi = 0. 2021, 
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Figure 8.- Variation of incremental rolling-moment coefficient with angle of 
attack for spoiler 5 at various projections. са = 9.922; yy = 0.1871; 


b; 
0.61. 
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Figure 9.- Variation of incremental rolling-moment coefficient with angle of 
attack for spoiler № at various projections. (Cg = 1 .00е..; yi = 0.1622; 
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Figure 10.- Variation of incremental rolling-moment coefficient with 
angle of attack for spoilers 5, 6, 7, 2, and 8 with various spoiler 
spans and spanwise locations. og = 0. Bér; 6g = -0.0508. 
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Figure 11.- Variation of incremental rolling-momént coefficient wit 
chordwise location of spoiler at various spoiler deflections. (А11 


spoilers extend from fuselage to 0.6 2L 
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Figure 15.- Variation of incremental rolling-moment coefficient wit 
spoiler projection at various chordwise locations of spoiler. А11 


spoilers extend from fuselage to 0.6171. 
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Figure lh.- Variation of incremental rolling-moment coefficient with 
Mach number for spoilers extending from the fuselage to 0.6 5. 
and located at several wing-chord stations. бв = -0.050с. 


NACA-Langley - 5-26-54 ~ 350 SEC 


